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(54) Separation of plasma or serum sample from whole blood 



(57) The method of the invention is for preparing a 
plasma or serum sample from whole blood and compris- 
es mixing an aqueous solution of an inorganic salt or an 
amino acid or salt thereof with the whole blood in an 
amount of 20 % or less of the whole blood volume so 
that concentration of said inorganic salt or said amino 
acid or salt thereof becomes 10 to 200 u.mol/1 ml whole 
blood, and then, filtering the whole blood to remove 



blood cell components. According to the method of the 
invention, plasma separation from whole blood can be 
achieved efficiently, and recovered volume of plasma 
can be increased. By selecting reagent, good plasma 
which has no deviation in component viewpoint, and 
which is possible to measure in the same level accuracy 
as a plasma obtained hy centrifuging,;can be : obtained 
through a simple filtration operation. 
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Description 



BACKGROUND OF THE INVENTION 

s This invention relates to a method of preparing a plasma or serum sample from whole blood, especially to a method 

capable of obtaining a plasma or serum sample from whole blood having a high hematocrit value in a high separation 
rate without destroying blood cells. 

Type or concentration of blood components, such as metabolites, proteins, lipids, electrolytes, enzymes, antigens, 
and antibodies, is measured, in general, using a plasma or serum sample obtained by centrifuging whole blood. How- 
10 ever, centrif uging takes labor and ti me. Particularly, centrifuging is unsuitable for an urgent.caseLof a small 

number of samples promptly and in site inspection,. because of requiring a- centrifuge and electricity. Thereupon, it has 
been investigated to separate serum from whole blood by filtration. ; : 

Several filtration methods using glass fiber filter have been known wherein whole blood is charged into the glass 
fiber put in a column from one side of the column, and plasma or serum is obtained from the other side (Japanese 
is Patent KOKOKU Nos. 44-14673, 5-52463, Japanese Patent KOKAI Nos. 2-208565, 4-208856). 

However, practical filtration methods capable of obtaining an amount of plasma or serum necessary for measuring 
by an automatic analyzer from whole blood have not been developed except a part of items, such as blood sugar. 
The reason is seemed that previous filtration systems do not satisfy the following three conditions : 

20 1 ) It is difficult to obtain a sufficient amount of plasma necessary for automatic analysis by filtration. 

2) Erythrocytes tend to destroy (hemolyze) through filtration, and accordingly, it is difficult to measure analytical 
items which are liable to be affected by hemoglobins released into plasma or serum by hemolysis or analytical 
items wherein quantity in blood cells is greater than plasma or serum, such as GOT, GPT, LDH, Va and K. 

3) In the case of high hematocrit value (50% or more) samples, it is difficult to filter because of clogging filtering 
25 material by erythrocytes. . * 

For example, Japanese Patent KOKOKU No. 6-64054 discloses plasma filtration technique by glass fiber filter' 
made of a particular material, but it states that plasma amount capable of taking out shall be limited to 1/2 or less of 
the volume of glass fiber filter. In the Japanese patent, on the premise that, hematocrit value, is 50 %, it is supposed 
30 that space of glass fiber filter is filled out by erythrocytes, and the quantity of plasma obtained by filtering up to the 
filled out state is, set 50.% of. the volume, of glass fiber filter at maximum. However, whole blood samples having a 
hemotocrit value of 55 to 60 % are not rare among whole blood samples daily dealt in clinical assay organization;' 

SUMMARY OFrTHE INVENTION , *• ....-■-«■■;-.■. ■• - . , * % 



-An object of the invention is to provide a sure means capable of separating plasma or serum by filtration even from 
high herpatqcrit .value whole blood samples having a hematocrit value of 60 to 70 % which are a great obstacle upon 
separating plasmas -from whole bipods, actually recorded among newborns and patients suffering from dehydration. 

- Another, object . of the invention, is to: provide assure means capable of separating plasma or serum in an amount 
of 1 00. \i€-ot. more,: which is necessary for the measurement of plural items by a usual automatic analyzer for clinical 
assay, fronrva sample having any hematocrit value without limiting 'the recovering amountof plasma to 1/2 of glass 
fiber filter volume. v ■ .-. :::.,.}... : . 

^Still another object of the invention is to provide a means capable of obtaining plasma with good quality without 
destruction of blood cell components which is suitable for the measurement of most assay items among clinical chemical 
assay and immunoserum assay which is difficult to realize by conventional filtration using a column. 

Problems in development of plasma-separating technique from whole blood are summarized in the following three ' 
points. ' 

(1) Not to destroy erythrocytes (hemolyze) in plasma separation. When erythrocytes are destroyed, blood cell 
components of : which quantity in-blood cells 'is much greater than in plasma, such as Hb, GOT, LDH and K are 
released into plasma to cause analytical error. Hb released into plasma interferes with optical measurement. ' 

(2) 'Sure plasma separation even from whole bloods having a high hematocrit value (50% or more) with difficulty 
in erythrocyte separation, and having tendency to hemolysis. When hematocrit value Vises, separation by filtration 
becomes difficult due to sharp increase of .blood' viscosity. - - 

. (3) Variation of composition do not occur in plasma separation. f 

The inventors investigated in order to solve the above problems and to develop a means capable of separating 
plasma in a high separation rate without hemolysis even from a high hematocrit value whole blood, and have achieved 
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the objects by adding an agent capable of lowering hematocrit value to whole blood in a particular concentration, and 
then separating plasma. 

Thus, the present invention provides a method of preparing a plasma or serum sample -from whole blood which' 
comprises mixing an aqueous solution of an inorganic salt or an amino acid or salt thereof with the whole blood in an 
amount of 20 % or less of the whole blood volume so : that concentration of said iriorganic^saltor said amino acid or salt 
thereof becomes 10 to.200 umpl/l ml whole blood, and then, 'filtering the whole blood to re move blood cell components. 

BRIEF DESCRIPTION OF DRAWINGS . - . % >:r - 

r . , ... • i • r ;» «. . .-.i 

7 figure .Ijsa sectional yje,w of a filter unit, used in Exarrfples..^ >. 5 ... •: . " 3-. ; - 

_ Figure 2 shows graphs indicating .variation of. various analytical values olplasmas obtained from' whole bloods 
different in hematocrit value. >••-./:■,:.. *v « \ - 
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Filter chamber 
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Suction part •> . . 
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Glass fiber filter sheet * , y ..- 
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Cellulose filter sheet , .• 
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Double face adhesive tape 
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Polysulfone microporous membrane 










14 


Flow area-regulating member 









DETAILED DESCRIPTION OF THE INVENTION 



The whole blood sample to .which the method of the^invention is applicable may contain: various^ anticoagulant or 
glycolysis inhibitor, such as heparin,. NaF, . EDTA or monoiodoacetate. onnot -The. method bf-'the invention is effective - 
especially against high hematocrit bloods, e.g. having a hematocrit (Het) value of 50 to 70 %, particularly 55 to 70 %. 
The inorganic salt and amino acid and salt thereof are an agent (HL agent) having an a'ctipnlp ' accurate separatidn, . 
35 between blood cells and plasma to decrease hematocrit value. 

The HL agent which is the inorganic salt, amino acid -or salt thereof sis waterrsoluble andHas a v soYubility of 100 v 
mmol/1 or more, preferably 1 mol/l or more, particularly 3 mol/l or more:. Exemplan/nnorganic. salts are •corribiriatibns of • 
monovalent or divalent aikals metal or alkaline earth metal: and halogen, .N0 3 ,rS0 4 o^COq, sUch^as«NaCK'GsCI 2l 
Li 2 S0 4 , CaCI 2 , Rb 2 S0 4 and,Cs 2 Sp 4 . Exemplary amino acids: are. natural aminoraeids; such as^GrypAra;«Asp,^GlU'and 
M glycinamide asparagine. The inorganic salt, amino acid and-salt thereof are madeso.that pH of their a^ue6us sbrution ' 
is 5, to 8, preferably 6 to 7:5,- and therefore, the inorganic salLand amino acid saltmay be-a hydrogen-salti's^h as 
NaHC0 3 . Acidic amino acids, such as Asp and Glu, may be made into a salt of alkali metal or alkaline^eartrrmefal or- 
the like, and basic v amino acids,. such as Lys and Arg,.may bermadeinto a.saltdf halogen, WOs, SO^V'COgoFthe'like. 
The HL agent to be used. is selected by considering, subject mattento be measured,, i.e. a compohertt'to'barneas- • 
45 ured. For example, -when sodium, or chloride in blood is measured, NaCI is unsuitable as the'HL agent/Phosphate is 
unsuitable as the Hi agnet for measuring inprganicphosphorus.in.biood. Moreover. HLagent which influences reactivity 
of reagents used for measurement cannot be used. 

For example, HL agent containing magnesium, iron, copper, barium, zinc, or the like cannot be used for measuring 
calcium, because they interfere with calcium measurements ? .*:';n. • •. \ . r • ; *' ; . 
so The HL agent is used as an aqueous solution. A suitable.conc.entration of the HL agent is.0.1. to'5 mol/I. preferably 

0.5 to 3 mol/l, mo;e preferably. 1. to 2.5 mol/l.. .... ~ •. 

Other components may be added to the aqueous HL, agent solution. For example, glycerine, ethylene glycol, 
polyethylene glycol or the like may be added for the purpose of prevention against drying. A buffer may be added for 
the purpose of pH adjustment. Furthermore, according to the object of analysis, various compounds may be added in 
55 order to facilitate separation of analyte in filtered plasma. Exemplary. of the compounds are selective binding reagents 
for LDL choresterol, such as dextrin and tungstophosphoric acid, which are fractionation agent for the measurement 
of HDL choresterol.. Other exemplary compounds are having reactivity with a particular component in plasma, such as 
various antigens. and antibodies including modified ones. .. 
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By adding the HL agent, flexibility of erythrocyte membrane decreases, and erythrocytes become resistant to 
deformation. It is known that erythrocyte passes through a considerably smaller'space, e.g. a capillary 1-2 urn in 
diameter, -than apparent size' of erythrocyte during filtering whole blood. However, by adding the HL agent, since de- 
formation of erythrocytes is restrained, filtration can be conducted very smoothly. 

5 Reduction of hematocrit value by the HL agent is in proportion to molar concentration of the HL agent in "plasma 

volume of whole blood to which the HL agent is added. On the other hand, in a HL agent concentration of more than 
200 rrimol/l, : destruction of blood cells (hemolysis) tends to occur, and hemoglobin which is the main component of 
erythrocyte elutes into plasma. Accordingly, a suitable amount of the HL agent added to whole blood is 10 to 200 u, 
moi; preferably' 10 to 100 u.mol, more preferably 20 to 60 u/moi, per 1 ml whole blood. Volume of aqueous HL agent 

io solution Jo ,6e^added:is. notjespecially limited...However.. too large.volume.is. undesirable,, because the. dilution rate-of 
whole blood is great resulting in the degradation' of accuracy in weighing: Moreover, when dilution rate is high, meas- 
uring accuracy is a problem in "relation measuring sensitivity. Thereupon, a suitable volume of the aqueous HL agent 
solution to be added is 20 % or less, preferably '10 % or less, more preferably 5 % oriess of whole blood by volume 
ratio. The lower limit of the volume of ihe aqueous HL agent solution depends on the water : solubility of HL agent, etc., 

is and in general, 1 % or more. In the method "of the invention, filtering ability is improved by adding only a smallarnbunt 
of HL agent, influence on measuring sensitivity and accuracy is small. 

When HL agent is added to whole blood, the HL agent is dissolved into plasma to elevate osmotic pressure of 
plasma to generate osmotic-pressure difference between plasma and the inside of blood cells. Then, force acts so as 
to loosen the difference of 'osmotic pressure. That is, water in blood cell is discharged into plasma to elevate osmotic 

20 pressure (I.e. concentration of solute) ih blood cells and to lower osmotic pressure of plasma. As a result; volume of 
blood cell decreases and volume of plasma increases^ resulting "in the decrease of hematocrit value. By adding HL 
agent, volume of erythrocyte decreases and flexibility of blobd cell membrane decreases, and accordingly, filtration 
using a filtering mate rial; such as i porous membrane is facilitated. 

Moreover, since quantity of free plasma increases, recovery rate of plasma by filtration is improved. 

25 - Although the lowering of hematocrit value caused by HL agent increases together with the increase of HL agent 

concentration, since strength of blood cell membrane is weak, blood cell is liable to destroy and hemolyze at high HL 
agent concentration/ Since the action" of HL agent is mainly derived from its osmotic pressure, the action \s proportional 
to the number of solute molecules in whole blood (exactly in plasma). When the added amount of HL agent is too great, 
osmotic pressure difference between the insideand outside of blood cell becomes too great. As a result, blood cell is 

30 ruptured or blood celi membrane is punctured to leak components in blood ceil into plasma. 

In general,- blood assay is based : on the measurement of concentration of plasma component. When erythrocytes 
are destroyed or blood cell membranes are purctured, components in erythrocytes are leaked into plasma portion. 
Since erythrocyte contains Hb (hemoglobin) in a high concentration, when leakage occurs, plasma becomes red (called 
hemolysis): Even if the destruction of erythrocytes is very small, coloring of plasma caused by the leakage of Hb cannot 

35 be ignored, and in some analytical items, the leakage strongly influences analytical value. For exampie, in a blood 
assay of healthy pe'rsohs, when O.i % of total blood cells are destroyed, measured values of most enzymes, such as 
CPK and ALP, are hot accurate. Some" components (GOT, GPT, LDH, K) exist in erythrocyte in a higher concentration 
than plasrna^aridlhe'measuremeh of those components is directly influenced by hemolysis. Accordingly, it is necessary 
to conduct separation ; recovery of plasma under conditions where hemolysis occurs as small as possible. 

40 Whole blood of healthy person' contains usuafly about 15 g/dl hemoglobin (Hb). Influence by leaked hemoglobin 

is differ^nt^accordirig to measuri " 

For exarnple, influence of hemolysis upon measurement* of blood sugar and choresterol is small, and even when 
about 1 50 m g/dl hemoglobin exists in plasma (corresponding to hemolysis of 1 % of total erythrocytes), they are meas- 
ured accurately. -♦*'■• •% ■ • '■ .... 

45 Oh the other hand,' GOT, GPT, LDH, K and the : like are liable to be influenced by hemolysis, and particularly, in the 

case of LDH or K, even when hemoglobin concentration is 15 mg/dl (corresponding to hemolysis of 0.1% of total 
erythrocytes), measured values are influenced significantly in view of clinical diagnosis. 

1 Accordingly, in the case 1 of measuring blood sugar and choresterol alone, plasma separation may be incomplete. " 
However," in the 'case of measuring GOT, GPT, LDH. K, etc., hemolysis must be less than 0.1 %. 

50 Hematocrit value of healthy persons is 40 to 45 %, but whole blood samples having a hematocrit value of 55 to 

60 % r are 'dealt at a frequency of several percents f in daily clinical assay. In' such high Hct samples, Hb content is 20 to 
25 g/dl. If allowance of measurement against Hb is 1 5 mg/dl, hemolysis of high Hct samples must be restrained to less 
than 0.07%. ' '• " •' ' ' " 

■ When inorganic salt, amino acid or salt thereof or agglutinin such as lectin is dissolved directly in blood from a dry 

55 state or from impregnated into filter paper or porous material followed by 'drying, blood contacts the dry matter. Blood 
is liable to hemolyze locally and temporarily ih a initial stage of dissolving the dry matter in plasma. Accordingly, plasma 
obtained through the above process frequently contains hemoglobin which is not so much. The plasma has no problem 
for measuring blood sugar or choresterol, but has a problem for measuring GOT, GPT, LDH, K and the like. The tendency 
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is more remarkable in high HcT samples 
... An amount of blood to be used is about 0 3 to 3ml usuallv ahnV.t n * tm * ™t ' ' • 

qlass fiber filter afe mirr^I.f h • • ' ° n ' S are 9 ,ass fiber.filter,.and laminates of 

^S^SSiSS^ ■ °'-9 |a «.«^r : filter.and cellulose filtered laminates of glass 

riper niter, cellulose filter and microporous membrane are particularly preferred Filter materials containinn nnh_ «, \vZl ' 
micropo.us membrane are also preferable.. The most preferable ones are tem £%£%3ESE^ 
and micropcfous membrane, especia.ty using polysuflone membrane as'the microporous membrane ' " ' ' ? 
. Preferable glass, fiber filter has a density, of about 0.02 lo 0.3 g/cm3 preferably abouTS oS ? ^3' ' ' 

chrirtFu ■ i- " • tenn9 P? ss can . be Pwpared by, stretching. In •microporous-membranes havino I 

S35SES£2? ^ TT ^ 8011(1 red'btoodcellsfin K S 

the S " f ° r P f ? ■ b?S ' 0n t0 th8 ad < ac * nt membrane can be. strengthened by providino 

the physical actuation (preferably glow discharge or corona discharge) disclosed in U S P 4 783 31 5 on 2 EH 
side of th, microporous membrane of fluorine^ontaining polymer lender hydrophilt ' ' ' ? ' ? ' ^ ^ 
resu J! !?" I' fluorine « on,ainin 9 Polymer microporous. membranes as it is have a'low surface tension As a 

^ncomorTn TT r,heSUrfaCe0rln,0,heinsidelntheinventfo ".tneaboverepeiling pro ^ 

SSSSta ooW am ° Unt °' ' 0r ' rendSrin ^ th9 ° Uter surtaca a " d ,h « ™" space "ace" ml 

^^Tfr^ mKmPO '- 0,iSm6mbmne substantially hydrophilic thereinio. In order to impart a hydrophilic 

ne fluorine containing pofymer.microporous membrane without repelling to the membrane, in general it is necessary 
that the space surface of.the membrane is cpa.ed with a surfactant' in an amount of about O.OiTo 10 %. ^S?. 
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about 0.1 to 5 %, more preferably about 0. 1 to 1 % of the void volume of the membrane. For example, in the case of 
a fluorine-containing polymer microporous membrane 50 ujti in thickness, a preferred amount of surfactant to* be im- 
pregnated is usually in the range of 0.05 to-2.5 g/m 2 . 

As the method of impregnating surfactant into a fluorine containing microporous membrane, a common method cmo- 
5 prises immersing the fluorine^containng microporous membrane in the surfactant solution dissolved in a low boiling 
point (a preferable boiling point is in the range of about 50 °C to about 120 °C ) organic solvent (e.g. alcohols, esters, 
ketones) to permeate into the inner spaces of the membrane substantially sufficiently, taking the membrane out of the 
solution slowly, and then drying by blowing air (preferably warm air). 

As the surfactant for rendering the fluorine-containing polymer microporous membrane hydrophiiic, the surfacctant 

10 may be nonionic, anionic, cation ic 'or arripholytic.' Howev er,' noh ionic surfactants areadvantageous for the multilayer 
analytical elements for analyzing whole blood samples, because nonionic surfactants have a relatively low hemolytic 
activity among the above surfactants. Suitable nonionic surfactants include alkylphenoxypolyethoxyethanol, alkylpol- 
yether alcohol;- polyethyleneglycol monoester, polyethyleneglycol' diester, higher alcohol-ethylerie oxide adduct (con- 
densate), polyolester-ethylene oxide adduct (condensate); higher fatty acid alkanol amide, etc. Examples of the no- 
's nionic surfactant are as follows: As the alkylphenoxypolyethoxyethanol, there are isboctylphenoxypol y-ethoxyethanols 
(Triton X-100; containing 9-10 hydroxyethylene units on average, Triton X-45; containing 5* hydroxyethylene units on 
average) and nonylphenoxypolyethoxyethariols (IGEPAL CO'680; containing 9 hydroxyethylene units on average, IGE- 
PAL CO710; containing 10-11 hydroxyethylene units on : average, LENEX 698; containing 9 hydroxyethylene units on 
average). As the aikylpolyether^alcohol, there are higher alcohol pblyoxyethylene others (Triton X-67; CA Registry No. 

20 59030-1 5-8),:etc.c-' k :x \., • . ; ' - 

The fluorine-containing polymer micropbrbu's membrane- may be rendered hydrophiiic by providing one or more 
water-insolubilized water-soluble polymers in its.porous spaces. The water-soluble polymers include oxygen-containing 
hydrocarbons, such as polyacrylamide, polyvinylpyrrolidone, polyvinylamine and poiyethyleneimine, negative charge- 
containing ones such as polyvinyl alcohol. polyethylene oxide, polyethylene glycol, methyl cellulose, ethyl cellulose, 

25 hydroxyethyl cellulose and hydroxy propyl cellulose/nitrogen-containing ones, such as pdlyacrylic acid, poly metacry lie 
acid and polystyrene sulfonic acid, and the like.. The water-insolubilization may be conducted by heat treatment,' acetal- 
inducing treatment, esterificat ion, chemical reaction by potassium dichromate, crosslinkihg'by ionizable radiation, or 
the like; Details are disclosed- in Japanese Patent KOKOKU-N6s. 56-2094 and 56-16187. 

The polysulfone microporous- membrane can be prepared by dissolving polysulfone into dioxane, tetfahydrofuran, 

30 dimethylformamide, dimethylacetamide, N-methyl-2-pyrolidone or a mixed solvent thereof to obtaine a raw liquid for 
forming . film, casting "into film by -flowing directly- into a coagulating solution, washing,' and then drying. Details are 
disclosed in Japanese Patent KdKAl No. 62-27006; lhaddition, polysulfone microporous membranes are also dis- 
closed in Japanese Patent KOKAl No's. 56-1 2640, 56-86941 , 56-1 5405 1 , etc. , and they are applicable to the invention. 
The polysulfone microporous membrane can be rendered hydrophiiic, similar to the* fluorine-containing polymer, by 

35 incorporating surfactant or providing water-insoiubilized water-soluble polymer. 

•Preferable nonfibrous porous membranes, irfthe laminate of a fibrous porous membrane and a rionfibrous porous 
membrane are blushed polymer membranes composed of ' a cellulose ester, such as cellulose acetate, cellulose ace- 
tate/butyrate or cellulose nitrate, disclosed in' US 3 992 158 or US 1 421 341 . The nonfibrous porous membrane may 
be a microporous membrane of polyamide, such as 6-nylon or 6,6-nylon, or polyethylene, polypropylene, or the like. 

40 Other nonfibrous porous membranes usable for the blood cell-separating filter include continuous microspace-contain- 
ing porous membranes where polymer particulates, glass particulates, diatomaceous earth or the like are joined by a 
hydrophiiic or non-water-adsorptive polymer, such as disclosed in US 3 992 158, and US 4 258 001. 

Preferable effective pore size of the nonfibrous porous membrane is 0.2 to 1 0 jim, preferably 0.3 to 5 jam, particularly 
preferably 0.5 to 5 um The effective pore size of the nonfibrous porous membrane in the invention is the pore size 

45 measured by the bubble point method according to ASTM F316-70. In the case that the nonfibrous porous membrane 
in a membrane fi iter composed of blushed polymer prepared by'the phase separation method, the liquid passages in 
the thickness direction are, in general, the narrowest at ! the free surface (glossy face) in the manufacturing process of 
the membrane, and the pore size in section of each' liquid passage stipulated a circle is the smallest near the free 
surface 1 .* The minimum pore size of passages in the thickness direction per unit area has a distribution in facial direction 

so of the membrane filter, and the maximum value determines' filtration performance. In general, it is determined by the 
limit bubble point method. 

As mentioned above, in- the membrane filter composed of blushed polymer prepared by the phase separation 
method, liquid passages in the thickness direction become the narrowest at the free surface (glossy face) in the man- 
ufacturing process of the membrane. In the* case of using the membrane as the nonfibrous -porous membrane of the 
55 filtering material of the invention, it is preferable to face the glossy face* of the membrane filter toward the side to 
discharge the plasma portion. 

The 'material composing the fibrous porous membrane may be filter paper, nonwoveh fabric, woven fabric such 
as plain weave fabric, knitted fabric such as tricot fabric, etc. Among them," woven fabric and knitted fabric are preferred. 
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r ^^^:^^^T ge r isc,osed in japanese kokai 

Nos. 62-1 38756-8, 2-l5s043 3 1665^ ' CC0, * ,n9 '° diSC ' 0SUreS Ja P anese Pate »< KOKa! 

called the volumeTrte^ 

to be recovered J^te *T 3 0, <" asma » ««• 

volume of the glass fiberfilter. Actual^ is p^^S^Z iSST' T*t * '° 7 ° * °' ' he 
as the volume of plasma to be recovered filter haying a volume, about twice as much 

tome volume of whoLSs^ 

fiber filter, space o, the g2 Z! L i AM I otf bv S'TT b,00d is 9->- than the volume o, gtess- 
fiber fitter. ,/a mlc^t^;^ S^SSS JEST 2 ^ ^ ° eH " Jta « B 9 ' ass 

preferab.y accomplished rapidly ! For SSS^T * *"*'^ , * (l * lfi Wtob 
sucking periods Itoeoseconds pre eSto^ 
is returned to atmospheric^ 

sucked. When a prescribed S ml of plasma JobSe^f * SUPP ' ied: and P ressurized « • 

mospherb pressure. Pla^a^Kl^ 
rnethodofthe invention is effective W 

vieyvpoint, and which P i possSel mr U reSS 

obtained through a simple filtration o^rata ' T^!^ P * R ' W » b * ^trifuging.saabe. 

'**■ " v ■' < , " : l ' - - ;,J| '" : ■*. ■'■ :*:^.. -..'sot-jr;, 
EXAMPLES . , // : - ::■.•.■'■/!,:.'..;..>•:.., it,^ r . .cV. 

.Example 1 . r k > " *' 5 " ' v : '■' ■ . - >: « -v . - 

©Assembling of Filter Unit *' t * " Jf "' '" tr, ' : ' •' f? • ■ * . . '. 

outside at the center of the top A screw mmZ A P ' e lntake 7;yvas pro ected ,oward 
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adhesive tape 12 having a diameter -of 20.1 mm 0 provided with an opening' 13 mm 0 in diameter. A polysulfone 
microporoces membrane ("PS", Fuji Photo Film Co, Ltd.) 1 3 having a pore size of 2 urri; a thickness of 0. 1 5 mm 
and a diameter of 20.1 mm 0 was superposed thereon, and an adhesive vinyl tape 14 having a diameter of 20. 1 
mm0 provided. with an- opening 8 mm0 in diameter at the center was superposed further thereon and pressed to 
join it. 

©Blood-Drawing „ ; 

5 ml of whole blood was drawn from a healthy-man with heparin. Hematocrit value of the blood was measured 
and found' to be 44 %; / . . 

©Preparation of HL "Agent ! 

Lithium sulfate monohydrate (Li2So 4 • H 2 0) was weighed, and dissolved in distilled water to obtain a 2 mol/l 
aqueous lithium sulfate solution. ; 

©Preparation of HL Agent-Added 

Whole Blood 30 p.€ of the HL agent solution prepared in ©was pipetted into a 2 ml sample tube, and 1 .5 ml 
of the whole blood with heparin was added thereto. Hematocrit value was measured and found to be 30 %. 

i 

©Filtration of Blood 1 

The whole blood prepared in® was introduced into the filter unit assembled inQ and sucked at a suction 
speed of 600 fi€/min'for 20 seconds. As a result, plasma was separated and accumulated on the polysulfone 
membrane in the* inflated port ion of the cap. "' 

©Recovery of Separated Plasma 

Using a micropipette, separated plasma was taken out, and the volume of the plasma was measured. The 
volume was about 395 u.€.: Hemolysis did. not occur. LDH activity of the plasma was measured and found to be 
. 179 U/l. Since LDH. activity of a control plasma separated by centrif using without HL agent was 173 U/l, the LDH 
activity of the plasma obtained by .the method of the invention was almost in the same level as the control plasma. 

Sjnce the volume of the glass fiber filters was 628 mm 3 , the half was 314 mm 3 (i.e. 314 u,€). By this example, 
it was confirmed that plasma in an amount of .1/2 or more of the volume of glass fiber filter(s) can be recovered 
easily and surely. 

Comparative Example 1 

©Preparation of Li 2 S0 4 - Impregnated Class Fiber Filter Sheet 

10 ml.bf T mol/l azueous Li 2 S0 4 solution was prepared, and placed in a Petri dish 50 mm 0 diameter, glass 
fiber filters (Whatman GF/D) punched into disc 20 mm 0 in diameter were immersed in the aqueous Li 2 S0 4 solution 
to be impregnated -with about 1 ml/cm 2 , and allowed tp stand at room temperature followed by drying at 60*0 for 

3 hours.'J . T ~ " ' • ; " ~. , J> - : ; V, •■ -\ . 

©Assembling of Filter Unit 

Two sheets of the Li 2 S0 4 - impregnated glass fiber filter prepared inQwas put in the filter chamber 6, and a 
filter unit was prepared similar to Example 1 ..... . 

©Preparation of Whole Blood . . 

*■ 5 ml of whole blood was drawn from a healthy man with heparin, and 1.5 ml of the whole blood was put in a 
sample tube. 

©Filtration of Blood 

Using the filter unit assembled in© the whole blood was fitted with suction similar to Example 1. As a result, - 
about 230 \xt of plasma was obtained, but the plasma was made red by hemolysis. Hb concentration of the plasma 
was in a level corresponding to 1 50 to 200 mg/dl. LDH activity of the plasma was measured and found to be 350 
I U/l. On the other hand, the LDH activity of the whole blood to which Li 2 S0 4 was not added was 192 IU/1. 

Comparative Example 2 

Instead of 2 mol/l aqueous Li 2 S0 4 solution in Example 1 , saline was add to the whole blood, and lowering degree 
of hematocrit (Hct) was examined, to 1.5 ml of the whole blood with heparin, saline was added, and after mixing, 
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hematocrit value was measured. Two levels of the whole blood of healthy person (Hct 44 %) and a high hematocrit 
whole blcod . (Hct 54 %) were examined. , 

The results are summarized in table 1. : ln'the.case of using saline, since contraction of erythrocyte. did not occur, 
the lowered degree of hematocrit value was almost consistent-with the value calculated, based on mere dilution." 

It was confirmed that Hct lowering does not occur in the above concentrations. • - .\ 



Table 1 



10 



15 



20 



25 



30 



35 



40 



Whole Blood Hct (%) 


Amount of Saline- (u,£) 


: : : ■ -Hct after Dilution (%) 


Measured Value 


Calculated Value 


41 


75 


39 


• 39- ; ~ 




* *f50' " : 


V 38 '- ' 


37 ' ' 




300 


34 


34 




1500 


21 




" 57 


y"; . 75 ; '. ; 


» 55 • - - 






150 


52 


52 




300 


48 . - 


48 \ ;; 




, 1500. ,; : , 


. ,28 - m , 


- 29- : 



Example 2 

Blood was drawn .from healthy women to obtain 20-Ynl whole blood with heparin. Hematocrit value of the blood; 
was measured and found to be 41 %. A part of the blood was centrif uged to separate plasma to prepare hiijh hematocrit 
whole blood samples. The plasma was added:to the original whole blood to prepare a low hematocrit whole blooc£| 
Thus, 5 types (No. 1 -No. 5) of whole blood samples different in hematocrit value were prepared! h 

To each No. l- No. 5 samples, 2 mol/l Li2S0 4 was added in an amount of 50 \i£ per Vml whole : blood. The sample"' 
was filtered with suction using the same filter unit as'Example 1, provided that the whole blood sample was introduced 
from the upside, and a 5 ml syringe was fitted into the suction port located on the underside. Suction was carried out' 
in a displacement of 800 u,€ for 30 seconds. The volume of the glass fiber filter was 185 mm 2 (i.e. 185 u.€). Recovered 
volumes of each sample are summarized in Table 2. ... j'L V- :7 ' 

Table 2 : ' v ■ : . ' " 



Hct(%) • ' * "•' 


20 


;41 


; 48 J 


59 


' k 68 


Recovered Plasma Volume (u.€) 


Inventive Example 2,,,,.- 


-540 


- 410 - 


.325 


a215, : . 




Comparative Example 3 


200 


130 


80 


35 


10 



45 



SO 



Comparative Example 3 t f 1 

Using the same filter unit, the same whole blood samples were filtered' without adding L^SO^The results' are also 
shown in Table 2. The higher the hematocrit value of the whole blood was, the greater the effect of the HL agent was. 
In the case of the hematocrit value of 48 % or less, the recovered plasma was about 1/4 to 1/2.7 of that of using HL 
agent, but in the case of 59 %,' the ratio was 1/7. ' : * 

In the case of 68 %. the amount of recovered plasma was very small. In the case of the hematocrit value of 48 % 
or more, hemolysis was observed more or less. 

Example 3 '• ' c ' • - ■ ' ' • ■ ' ' " 1 ■ - 



In an experiment similar to Example 1 , 15 u€ aqueous 2 mol/l Li 2 S0 4 'solution was 'added to 1 .5 ml whole blood, 
and the blood was filtered similar to Example 1 . As a result, 228 \xt of plasma was recovered without hemolysis. The 
55 Hct value was 48 % before adding HL agent and 42 % after adding it. 

Components of the plasma thus recovered were measured by using two analyzers CFuji'Drichem 5500",' -"Fuji 
DrichemeOO", Fuji Photo Film Co., Ltd.). Using a calibration curve which had been prepared using the plasma obtained 
by centrif uzing the whole blood to which L^SC^ was added in the same concentration, concentration of each component 
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25 



30 



35 



40 



was determined from the measured result. The results are summarized in Table 3. As a control, components of the 
plasma obtained by centrifuging the whole blood without adding the HL agent were measured. It was confirmed that 
all 23 analytical items can be measured in the same level of accuracy as the control. 

Table 3 



No. 


Item 


Unit 


Measured Value 


% 








CONTROL 


SAMPLE 




.1 . 


GLU 


mg/dl - 


- 107 -•- 


106 


- 99 


2 


BUN • 


mg/dl 


16.6 - 


- -17 - - 


102- 


3 . 


CRE . 


* mg/dl : 


: .0.9 


0.9 


100 


4 . 


UA. 


ring/dl. 


.6.2 


. . 6.2 


100 


5- ■ 


TCHO 


rrig/dl 


171 ; 


174 


102 


6 : : 


TG .;. 


mg/dl 


65 


64 


: 99 


.7/ " 


" TBIL 


mg/dl 


" 0.8 * 


0.9 


.113 


-8 - 


-Ca 


mg/dl 


9:4- 


9.7 


103 


9 


IP 


mg/dl 


. ...2- 3 _. . 


. 2,2 


96 


. 10 


. TP 


g/dh 


7:9 •'. 


7.7 


.98 


11 z 


alb' 


g/dl 


4.8 ■ 


4.8 


.100 


12 


- GGT 


U/l 


20 


19 


95 


. ,1.3 . 


G.PT 


U/l 


. . 14 ' 


.16 . 


114- 


14 


GPT 


U/l 


12 


13 


108 


15 


CPK 


U/l 


125 


127 


102 


16 


LDH 


U/l 


152 ; 


160 


105 


17 


ALP 


U/l 


225 


224 


100 


18 


AMYL 


U/l 


67 


67 


100 


19 


LAP 


U/l 


58 


61 


105 


20 


NH 3 


mg/dl 


39 


41 


105 


21 


Na 


mep/l 


138 


137 


99 


22 


K 


mep/l 


3.6 


3.6 | 


100 


23 


CI 


mep/l 


99 


98 


99 



The whole blood was also filtered without HL agent, and in this case, plasma without hemolysis was not recovered. 
45 Example 4 

A whole blood was separated into blood cells and plasma, and then both were mixed at a different ratio to prepare 
whole blood samples having a hematocrit value of 20 %, 40 %, 48 % and 60 %. The samples were treated similar to 
Example 3, and measured by using an analyzer "Hitachi 7150" and an electrolyte analyzer "Fuji Drichem 800". 
so The results are shown in Figure 2. As shown in Figure 2, as to all analytical items, deviation of the measured 

results from control was within the range of + 1 0 % over all hematocrit value range of 20 to 60 %. Moreover, the deviation 
on the basis of the measured value at Hct 48 % was within ± 5 % except only a part of items. 



Example 5 

In an experiment similar to Example 1 , Cs 2 S0 4 was used as the HL agent instead of Li 3 S0 4 . 60 \xi of 2 mol/l 
Cs 2 S0 4 aqueous solution was added to 1 .5 ml whole blood with heparin. The Hct value was 38 % before adding the 
HL agent and 31 % after the addition thereof. 
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In comparison, the above whole bloodTelorelddlnoTh^ ( " Fuii , Drichem W F "J< Photo Film Co., Ltd ) 
.tso,,hep,a S ma were also measured. Th^sS 



Table, 4 



'No 


Item 


Correction 


-CCNIBQL 


v ■■■■'■> 'Sample .' 


■I 






, Factor 


Vaiue- 


Measurec 
Value , 


Corrected 
• Valire 


-j Judge- 
ment 


1 


GLU 


0.95 ,, 


92.00 " 


I; 80.00 


84.2,1 


A 


2 


BUN 


0.95 


15.80 


'15.00 


.. ; '15.79 




3 


CHEA 


o.9o : 


0.90. 


0.80 


0.89 




4 


UA 


0.85 - 


1 .70 " 


' .4.00 


4.71 




■ 5 


TCHD 


0.8G - 


191.00 


; 161.00 


; 189.41 


© 


6 


TG 


0.90 


. 58.00 


55.00 


■ 61.11 


O 


7 


TBIL 


0,90 


- 1.10 


1.-00 


' ■ lvll 


0 
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No 


Item 


Correction 
•Factor 




Sample 




Measured 
Value 


Measured 
Value 


Corrected 
Value 


■ Judge - 
menl 


8 


Ca 


1.00 


0.90 


10.10 


10.10 


O 


9 


IP 


0.90 


-.- 2:60 


2.30 


2.56 


® 


10 


" TP 


:+ T Oo~ 


7. SO 


6.90 


7.67 




11 


ALB 


, o.co 


. 4.50 . 


2.60 


4 .38 


o 


12 


GOT 


.0.85 


17.00 


" 14.00 


16.47 


® 


• 13 


got 


0,85 ' 


18.00 


■' 15.00 


17 65 


© 


14 


GPT 


0.85- 


17.00 


15 00 


17 65 


(no 


15 


CPK 


0.85 


96.00 




07 fiS 


(5) 

Vis/ 


16 


Litt 


0.90 


148.00 


135 00 


150 00 


(5) 


17 


ALP 


0.85 


87.00 








18 


'Ml 


0.50 


. 83.00 


41 00 


a 9 on 


(5) 


19 


LAP 


0.R0 


• 41.00 


34.00 


42.50 


(5) 


20 


NH, 


1.00 


77.00 


147.00 


147.00 


X 


21 


Na 


1.00 


138.00 


137.00 


137.00 


® 


22 


K- 


1-.00 


4.20 


4.00 


4.00 


® 


23 


Cl " 


0.95 


100.00 


94.00 


9a. 95 




24 


inxc 


0.85 


69.00 


62.00 


72.94 


A 



In the above table, the decrease .of. the measured, values are seemed to depend on the dilution by the water 
discharged from blood cells to plasma caused by the addition of the HL agent. Accordingly, the measure value of each 
component was corrected by the correction factor in. Table 4 and the corrected values were^also indicated. The judge- 
ment was made based on the allowance in clinical assay, as follows;© Very excellent, O: Excellent, A:Good, x :Failure 

Example 6 

Seven HL agents which brought good results with respect to the measurement of electrolytes, expecially Na, K, 
CI and Ca which are important in clinical assay, were selected. 

Similar experiments to Example 1 were carried out using the HL agents, and influences upon measured values of 
Na, K and CI were examined. The results are summarized in Table 5. 

Table 5 



HL Agent 


HL Effects 


Less Hemolysis 


PFT Ability 


Electrolyte 










Na 


K 


CI 


Asp-Na 


® 


O 


O 


X 


O 


o 


CaCI 2 




• 


m 


O 


• 


X 
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measuring electee. P "** ,r> eac ^L agent All. of the HI agents U^S^!^ ? * eaSUr ™ 

'• - ? ... e?s ^ e : HL agent, unless 

claims - v . .'. \' J;^ ' *. > r : : "c" ""^7" ~~ . 

4- The^thodofcla-mr^rei,^,--.,. - ' !- ^ 4 COj:' ~— -• • 



5- The method of claim 1 wherein 

6 ' ^^^ 5 ^>^s:f. t v,, h ., de 



aqueo^ solutionis i^H^B." 



comprises glass fiberlte7 - ' 
8- Themethodnf,^,...... .'. " - ^ a > c W S membrane: ' - 



membrane is a fluorine<:ontai 



^ing polymer membrane or polysul- 
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